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^

Nuisance algal accumulations occur in the upper Clark Fork River because of near optimal
growing conditions, Including high nutrient levels. Bioavailable nitrogen and phosphorus are often
high enough to saturate growth and standing crop. Anthropogenic activities are thought to
contribute significantly to these high nutrients levels. Point and nonpoint nutrient sources are
beginning to be Identified, quantified and evaluated.
This study sought to estimate the contributions of eroding streambank and fluvially deposited
mine waste (sllcken) sediments to the upper river’s bioavailable phosporus (BAP) levels. Soil
samples were collected from eroding streambank and slicken surfaces, homogenized and sieved.
Samples of the <2 mm size fraction were suspended for 8 hours in filtered river water at a
concentration approaching the upper river’s maximum total suspended sediment concentration
(500 mg l-i). The resulting extract was filtered and analyzed for soluble reactive P (SRP), a
good indicator of BAP. The contribution of these sediment sources to the river’s BAP levels was
estimated by multiplying the average amount of SRP extracted per gram of sediment by the total
suspended sediment (TSS) levels in the river. Some of the factors that influence phosphorus
extractability were examined, including concentration of TSS extracted, pH of extractant and
particle size and soil textural class of the extracted sediment. Over the ranges tested here, none of
these factors had any apparent effect on the amount of SRP extracted from these sediments.
Both sediment types were composed primarily of silts and fine sands with little clay content( 1012%) and an average of 5-7% organic matter content. Slightly alkaline (pH=~8) eroding
streambank soils released amounts of SRP similar to the acidic sllcken sediments ( pH=~4). The
SRP contribution from these sources (2 -4 pg SRP per gram of sediment) to the total SRP in the
river was an insignificant part of the river's high SRP levels. Total soluble phosphorus
extracted was analv^ for some extracts and found to be similar to the amount of SRP extracted.
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Background
Water Quality In the Upper Clark Fork Basin
The Clark Fork of the Columbia River Basin drains over 22,000 square miles in
northwestern Montana west of the continental divide (Figure)). The following comments on water
quality pertain to surface waters in the Upper Clark Fork Basin, which extends from the city of
Butte downstream north by northwest about 120 miles to Milltown Resevoir locatal just upstream
of Missoula (Figure 2). The average discharge of the Clark Fork at Deer Lodge for the period of
March 1985 to September 1988 was 280 cubic feet per second ( Lambing 1989).
The mainstem of the Clark Fork River begins at the confluence of Silver Bow and Warm
Springs Creeks in the Deer Lodge Valley near Warm Springs, Montana. Heavy metals(e.g. Cu, Cd,
Zn, Pb, As and Fe) from more than 100 years of hardrock mining activities in the Butte Mining
District have accumulated in the flood plain from Silver Bow Creek to the Milltown Dam just above
the city of Missoula. The nation's largest site designated under Superfund ( I.e. the Comprehensive
Environmental Response Compensation and Liability Act of 1980) extends for approximately 140
river miles from the headwaters of Silver Bow Creek downstream to the Milltown Resevoir.
Water quality in the Upper Clark Fork has improved dramatically in the past 30 years
since settling ponds and municipal waste treatment systems were installed to treat mining and
municipal wastes. However, concentrations of dissolved metals, especially Cu, frequently exceed
established water quality standards for aquatic life and are responsible for several recent fish
k ills . In addition to metals pollution, sediments and nutrients also are pollution problems that
prevent attainment of classified uses. Impairment of surface water quality uses in the Upper
Clark Fork results from a combination of point and nonpoint sources of pollution.
Point source pollution discharges are regulated through the Montana Pollution Discharge
Elimination System as required by the Montana Water Quality Act ( MCA 75-5-101 et seq. ) and
the Federal Water Pollution Control Act (PL 92-500, as amended by PL 100-4). Water quality
I
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Figure I. The Clark Fork Basin,
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standards are enforced by the Montana Department of Health and Environmental Sciences' Water
Quality Bureau ( MDHES-WQB), The MDHES-WQB has cited the following point sources for
impairing classified uses in the upper river. Ammonia and chlorine concentrations in Butte is
wastewater effluent that severely impairs aquatic life, domestic water supplies and recreation for
23 miles in Silver Bow Creek. Water discharged from Warm Springs Tailings Pond 2 contributes
high concentrations of dissolved Cu and Zn to the M ill-W illow Bypass where it joins Silver Bow
Cr.. adversely affecting cold water aquatic life for at least six miles downstream to the confluence
with Warm Springs Creek ( Figure 3). Nutrient loading, primarily from wastewater treatment
facilities, adversely affects cold water aquatic life and reduces recreational opportunities from
Warm Springs Cr. 102 miles downstream to Rock Creek (MDHES-WQB 1988).
Nonpoint source (NPS)pollution is caused by diffuse sources rather than discrete point
sources and as such is not regulated as point source pollution. NPS water pollution often is
a^ociated with land management activities (e.g. silviculture and agriculture), construction
activities, urban runoff etc. NPS pollution usually is attributed to anthropogenic sources but is
difficult to separate from natural diffuse sources (e.g. atmospheric deposition and rainfall), NPS
water pollution occurs when runoff from these disturbed areas carries a substance ( e.g. sediment
or nutrients) in excess of natural concentrations or background levels, resulting in the alteration
of the chemical. physical and biological integrity of the receiving surface waters. The primary
statutory authority to correct and/or prevent NPS water pollution has been provided by recent
amendments ( 1987) to the federal Clean Water Act ( CWA, P.L. 100-4).
The Upper Clark Fork Basin encompasses an area of 6.115 square miles. Elevations range
from 10,000 feet in the Anaconda Mountain Range to just over 3,000 feet near Missoula. Annual
precipitation in the valleys ranges between 8 and 20 inches, mostly as rain during late spring and
early summer. The mountains of the basin are moderately forested and highly mineralized.
Considerable mining, agriculture and silvicultural activities occur in the drainage. The basin is
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Figure 3. The headwaters of the Upper Clark Fork Basin. Source: Montana State Library Clark
Fork 615 Project.
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sparsely populated ( less than 100,000 people) and urban/developed ar%s æcount for only
54.000 acres. Pasture and range, irrigated and unirrigated agricultural lands cover over 1.1
million acres (Bahls 1988). Though NPS pollution potential has been qualitatively describe) for
the Upper Clark Fork in terms of land disposition and impairment of classified uses ( Table 1),
there has been little quantitative monitoring and few quantitative studies on NPS pollution.
In compliance with the recent amendments to the CWA, NDHES-WQB ( 1988) has
identified and assessed NPS water pollution problems for surface and ground waters in Montana.
In the Upper Clark Fork River, metals, nutrient and sediment pollution have been identified as the
primary existing NPS problems. A considerable amount of information has been generated on the
sourœs and extent of metals pollution to the Clark Fork. Quantification of both point and nonpoint
sources of nutrient pollution in the Upper Clark Fork, however. are not as well documented.
Nutrients, generally nitrogen and phosphorus, often lim it primary productivity in aquatic
ecosystems. Studies by Watsont 1989a) have indicated that the bioavailable forms of both
nitrogen and phosphorus are low enough to lim it algal standing crop mœt of the time in most of the
Clark Fork River. In the Upper Clark Fork River, anthropogenic activities are thought to have
increased concentrations of bioavailable forms of these nutrients contributing to large increases
in primary productivity (Bahls 1988; Johnson and Schmidt 1988; Ingman and Kerr 1989). This
phenomenon is called cultural eutrophication. The high levels of bioavailable nitrogen and
phosphorus in the Upper Clark Fork are conducive to excessive accumulations of the filamentous
green alga C/aûùphora and riverine diatoms (Casne et al 1975; Watson 1989a, b). These
excessive algal accumulations may be considered nuisance growths because they are aesthetically
unpleasing, prevent attainment of designated uses and probably s tr^s other cold water aquatic
life, including trout. Diurnal dissolved oxygen ( DO) studies indicate that respiring algae depress
DO levels on warm summer nights below the Montana standard set to protect cold water aquatic life
(Kerr 1987; Watson 1989c).
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Table 1. A partial list of some nonpoint sources of surface water pollution and their impacts on streams
in the Upper Clark Fork Basin. Compiled from MDHES-WOB Nonpoint Source Pollution Assessment Report
(1988).

Severity of
Impairment
Moderate

Miles of
Stream
Impaired
4

Severe

0.5

Moderate

0.3

Sediment
Metals
Organic enr.

Moderate

16

Sediment

Moderate

22

Mill tailings
Irrgatlon/grzg.
Channelization

Metals
Sediment
Flow alt.
Nutrients

Severe

119

Agriculture
Mining

Animal waste

Nutrients
tailings

Moderate

2

Flat Gulch

Agriculture

Grazing

Sediment

Moderate

3

Flint Creek

Mining
Agriculture.

Load
Irrigation

Metals
Sediment
Flow alt.

Moderate

44

Little Blackfoot
River

Agriculture
Hydro. Mod.

irrgation/grzg.

Habitat Alt.
Flow Alt.
Sediment
Nutrients

Moderate

39

Modesty Cr,

Agriculture

Walecbpcbc
Bear Cr.

NPS
Cateofiry
Agriculture

NPS
Subcategory

Beartrap Cr.

Mining

Load
tailings

Black Bear Cr.

SilviculUire

Logging
Roads

Blackfoot R. from
Anaconda Cr.landers Fk.

Agriculture
Mining
Silviculture

Blackfoot R.
Nevada Cr. to
Monture Cr.

Agriculture

Clark Fork R.
Warm Spgs.Cr
to Blackft, R.

Mining
Agriculture
Hydro. Mod.

Cramer Cr.

Load
Logging

EolMafit
Sediment
Metals
Flow alt.
Sediment
Bacteria

Sediment
Moderate
Flow All,
Moderate - some interference with designated uses from NPS pollution, but use is not precluded.
Severe - designated use is precluded by NPS pollution.
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The Bioavailable Phosphorous Fraction Extracted from Sllcken
and Eroding Streambank Sediments
Introduction
There has been considerable controversy among aquatic ecologists about the bloavailablllty
to algae of various phosphorous fractions and the chemical forms of these fractions. Aquatic
ecologists now generally agree that total phosphorus (TP) overestimates the amount of
phosphorous ( P) that Is bioavailable to algae. TP is composed of soluble and insoluble P fractions.
These fractions are further subdivided into dissolved organic, dissolved inor^nic, particulate and
other forms (Table 2). Many studies have been conducted on the bioavailability of these P
fractions and the techniques used to quantify them.
Bioassay methods are, by definition, the best estimators of bioavailable phosphorus
( BAP). However, bioassay techniques are expensive, time consuming and cto not quantify the
contributions of various P fractions to the amount of BAP. Numerous analytical chemistry
methods exist for determining various P fractions. The most common are variations of the
colorimetric method that produces a blue phosphomolybdate complex to measure dissolved
inorganic P or ortho-phosphate( PO 4-P). Variations of this molybdenum blue technique have
been developed to eliminate problems caused by specific ion interferences. Each variation has
different limitations relative to the accurate measurement of soluble reactive phosphorous (SRP);
selection of a particular method is dependent on expected SRP levels and water quality
characteristics, especially the presence of interfering ions. These methotte are less costly, but
their ability to accurately estimate PO4-P has been criticized.
Initially, investigators (G riffith et al 1973)believed that PO4-P was the only form of P
that was bioavailable. More recent studies (Chamberlain and Shapiro 1973; Rigler

8
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phosphate forms In soils and sediments. Source; Logan 1982.

il Characteristics

Percent Bloavallahllllty

ved Inorganic P

>90

Ived Organic P

<50

IleP
Jdes adsorbed, exchangeable
ly dissolved, easily
'olyzed.

Potentially - 100
immediately - ?

rganic P
atively stable, primary and
ondary minerals with Fe,Al,Ca.

Potentially - ?
Immediately - 0

ganic P
tlatively stable humus compounds
ich as inositols.

Potentially - ? (<50)
Immediately - 0

„ I 1978; Tarapchak and Rubitschum 1981) have indicated that other P
II ouwv, , . , a bioavailable and that not all P measured by molybdenum blue methods is
bioavailable. Several studies have reported that, under the analytical conditions of the
molybdenum blue method, portions of the dissolved organic P and colloidal P fractions are
converted ( i.e. acid hydrolyzed ) to PO4-P resulting in an overestimate of the true PO4-P in
solution ( Levesque and Scnitzer 1967; Rigler 1968; Harwood and Hattingh 1973; Chamberlain
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and Shapiro 1973 ; Stainton 1980 ; and Logan 1982), Some of these investigators reported that
the measured P fraction was more properly identified as soluble reactive P (SRP) and that it was
probably not significantly different from BAP (Chamberlain and Shapiro 1973; Stainton 1980).
The SRP fraction Is composed of dissolved Inorganic P. plus those fractions of colloidal P
<0.45 urn and dissolved organic P that are rel^sed under analytical conditions. Recent studies
have indicated that SRP is a good estimator of BAP. Nürnberg and Peters ( 1984) found that 92%
of the variation in BAP was explained by the SRP fraction. Perhaps the most definitive study on
the bioavailability of various P fractions to date was done by Bradford and Peters ( 1987). Their
study examined the correlation between eleven different P fractions and bioassay P (Figure 4 ).
For ten eutrophic r1vers( TP > 30 ug I'O , SRP ( untræted) correlated well with bioassay P,
r2=0.91. Several other P fractions were more highly correlated with bioassay P, including: total
soluble P (both autoclaved and untr%ted); enzyme hydrolyzed SRP ; enzyme hydrolyzed,
ultraviolet light treated SRP ; and ultraviolet light treated SRP . Total soluble P (untreated)
correlated the best, r2=o.95. Because these slightly better correlated analytical P fractions are
more difficult and expensive to carry out. SRP ( untr%ted) is used to estimate BAP in this study.
The purpose of this study was to evaluate the contribution to BAP levels In the Upper
Clark Fork River of two nonpoint sources of sediment: fluvially deposited mine wastes (slickens)
and eroding streambanks. Extractable sediment P was determined by shaking the <2mm particle
size fraction for 8 hours in filtered Clark Fork River water and then measuring SRP( extractable
sediment P and SRP are used interchangeably hereafter). The quantity of sediment extracted (500
mg 1-1 ) was representative of the maximum levels of suspended sediment observed in the upper
river. The resulting increase in SRP levels in the extract was compared to existing information
on SRP concentrations in the Clark Fork to determine whether thœe sediment sources have the
potential to make a significant contribution to the high SRP levels observed in the Upper Clark
Fork.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

n
Some extracts were also analyzed for total soluble P (TSP) to see if TSP and SRP P
fractions were similar, SRP extracted from the two site types ( mine wastes and eroding
strrambanks) were compared and probable sorption mechanisms operating at these sites are
discussed. The relative importance of these nonpoint sources of bioavailable P was compared
with other as yet unevaluated NPS and existing point sources.
Figure 4. Some chemically analyzed P forms used to estimate bioavailable P. (A) and (U)
indicate samples that have been autoclaved or untreated by autoclaving; TP is total phosphorus;
TRP is total reactive P; TSP is total soluble P; SRP is soluble reactive P; BP is bioassay P; EHSRP
is SRP measured after exposure of the sample to chloroform and the subæquent hydrolysis of P by
indigenous enzymes; EHÜVSRP is SRP measured after enzyme hydrolysis and exposure to
ultraviolet radiation; UVSRP is SRP measured after exposure of autoclaved sample water to UV
radiation. Source: Bradford and Peters 1987.

Samples

Autoclaved
Filtered

Filtered

TRP(U)

TSP(U)

Enzyme
Hydrolysis

UV
Radiation

Filtered

Filtered

I

EHUVSRP

hsrp|

Bioassay

Digested

Digested

SRP(U)

TRP(A)

Digested
TSP(A)

Radiation

Filtered

UVSRP
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SRP(A)

Methods
study area/Site Location/Site Selection and Samahng
Sites were selected from on the upper Clark Fork River from Warm Springs to Garrison
based on accessibility, size and erosivity( Figure 2 and Appendix A). Due to limited access in the
upper portion (Warm Springs to Galen) of the study area, both sTicken and eroding streambank
sites were selected and sampled by floating the river. Aerial photos ( 1:8000) were used to assist
in the location and selection of slicken sites. Eroding streambank sites were generally located by
selecting access points within the designated study area and then walking up and downstream until
eroding streambanks were located.
Two composite surface samples of 30 subsamples each were collected at each of the 10
slicken and 10 eroding streambank sites. Subsamples were approximately I6.4cm 3(i in:).
These samples were collected from the top 5 cm ( "2 inches) of sllcken and eroding streambank
surfaces using a teflon coated trowel. Subsample collation for slickens Involved superimposing
an imaginary grid on the slicken surface, then collecting the 30 subsamples over the entire area
to integrate spatial variability in adsorbed phosphorous into 2 independent, representative
composite samples. An additional composite sample of eight subsamples was collected at slicken
sites approximately 22 cm (8.5 inches) below the surface to examine if extractable P varied with
soil depth. Eroding streambank sampling proceeded in a similar manner on the vertical faces of
the streambanks. Twenty-four ounce waxed paper cups with lids were used for sample storage
and transport.

Soil Sample Treatment
All samples were drW at 44 *C for 48 hours in a forced draft drying oven ; aggregates
were ground with a glass pestle In an aluminum pan. The samples were sieved to <2mm using a
stainless steel ^10 sieve (A.S.T.h.E.-l I ) and the >2mm fraction was discarded. In all cases, the

12
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discarded fraction was <A% of the entire sample volume. All samples were homogenized by passing
the sample through a Humboldt H-3965 riffle type sample splitter ten times. To investigate the
relationship between extractaJ P and particle size, subsamples of some of the homogenized <2mm
samples were sieved to <500um ( *^35 sieve) and the >500um fraction discarded. Oven dried
sieved samples were stored at room temperature in waxed paper cups with lids.

Soluble Réactivé P and Total Solutde P Extracts
For use in extracting the sediment samples, one large grab sample of river water was
collected at Deer Lodge in mid-January end filtered through a 0.45pm (Gelman®) membrane
filter. Total soluble elements in the filtered river water appear in Table 3. Filtered river water
was stored In a Naigene carboy that was acid washed and triple rinsed with deionized water ; pH was
8.2 and hardness (APHA method) 248 mg CaCOs l- i. Monthly average water quality
characteristics for the Upper Clark Fork at Deer Lodge appear in Table 4 . Deer Lodge water
appears to be similar in major ion composition to much of the Upper River above Rock Creek
(Watson 1990).
Table 3. Total soluble elements in filtered (0.45pm) Clark Fork River water collected at Deer Lodge,
upstream of the sewage lagoon. Concentrations determined by ICAPS (Inductively Coupled Argon Plasma
Spectrophotometry ).
Element
A1
As
Ca
Cd
Cu
Fe
K
Mg
Mn
Na
Nl
Pb
P
Si
Ti
Zn

Concentration oom
0.045
(LOO
71.0
(LCD
0.006
0.017
3.2
16.74
0.029
18.8
(LOO
0.007
0.064
9.53
(LOO
0.022

Limits of Detection
0.025
0.025
0.005
0.002
0.003
0.003
1.000
0.016
0.001
0.095
0.010
0.015
0.035
0.070
0.010
0.002
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Table 4. Some monthly average water quality characteristics for the Clark Fork River at Deer Lodge,
Montana. SRP (pg I*') and pH are means for fiscal years 1985-'89(MDHES-WGlB). Hardness (HRD) and
Alkalinity (ALK, mg CaCOs h ') are means from bimonthly measurements for fiscal years 1988-'89, Total
Suspended Sediment (mg TSS !■•) is the average of daily means (US6S) from March 85-September 88.

MO.

m

RANGE

SRP

RANGE

ALK

RANGE

HRD

RANGE

IS S

RANGE

JAN
FEB
MR
APR
MY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

8.1
8.1
8.0
8.1
8.3
8.2
8.2
8.2
8.3
8.0
8.1
8.0

7.6-8.6
8,0-8,2
7.8-8.4
8.0-8.2
8.0-8.7
7.8-8.8
7.9-8.6
8.0-8.6
8.1-8.6
7.6-8.5
7.8-8.8
7.8-8.3

29
45
39
18
18
20
9
5
13
6
18
16

11-59
15-82
4-67
4-35
5-42
1-62
1-20
1-10
6-32
1-12
1-24
7-28

151
141
132
134
117
106
167
175
167
166
162
165

149-152

286
267
266
266
224
185
255
257
279
308
301
284

279-292

27
74
32
41
35
22
14
11
22
26
24
20

10-82
12-684
17-65
15-188
3-190
3-135
3-94
3-41
9-97
16-39
8-36
9-45

—

122-142
132-135
111-122
102-109
156-178
163-187
162-172
162-170
154-170
155-174

—

251-280
—214-233
171-199
253-257
250-264
268-289
291-325
290-311
281-307

50mg Of oven dried, sieved soil samples ( 24 hrs @44*0 were extracted in 100 ml of
filtered river water. producing a total suspended sediment (TSS) concentration of 500 mg 1-T
This concentration approximates the upper lim it of TSS carried by the Clark Fork during spring
high flows ( Figure 5). Soil samples were extracted for 8 hours on a reciprocating table shaker
( 1cycle/sec.) In aluminum foil capped 250 ml Erlenmyer flasks. The eight hour extraction time
was selected based on preliminary analysis of SRP extracted versus time which indicated that the
labile sediment P fraction was released between 4 and 8 hours. Extracts were filtered through
0.45um Sartor lus» membrane filters. Filtrate was split Into two 30 ml subsamples and frozen
in polypropylene bottles for subsequent SRP and TSP analyses. Additional extracts from TSS
concentrations of 5000,100 and 50mg l-i were analyzed for some samples to evaluate the effects
of sediment concentration on the amount of SRP extracted. All labware was soaked overnight in
25% HCl and triple rinsed with deionized water.
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Figure 5 Statistical distribution of suspended-sediment concentrations from periodic samples, March
1985 through September 1988, The statistical distribution for the Clark Fork above Missoula iS for July
1986 through September 1988. Source; Lambing, 1989.

C/)
C/)

CD

10,000

8

U
A
X
I
U
U
U

7si(i pcRCCKnu;

S
Q
I
h
P
C
I
I
C
C
M
T
1L
E
(
U
U
X
A
M
)
2 )thP
C
R
C
C
K
n
iX
M
I
N
I
M
U
M
CD

3.

3"
CD

oc

CD

Q CL
(/) cn

C

8
o

■D
O
Q.
a
O
3
"O
O
CD

<

100

C
L

Ü

CL

CO
to 2

10

Q.

TCD3
(/)
(/)

" K 'S
Clortc

c r S

S

s . r . - t f r r - - " " * '

cn

16

Frozen extracts for SRP and TSP analyses were thawed In a Hitachi model MR-8015
microwave oven to minimize P adsorption to container walls during thawing. Samples were
placed on rotating carrousels in the microwave, set on high for 3 minutes, shaken then reset and
shaken at one minute intervals until thawed. This procedure prevented samples from getting too
warm. All thawed samples were brought to room temperature prior to determination SRP
analysis (ascorbic acid method, APHA 1985). All refrigerated reagents were brought to room
temperature before the combined reagent was made. For TSP analysis, SRP analysis is preceded
by an ammonium persulfate digestion, autoclave option (APHA 1985). All samples analyzed for
TSP were brought to room temperature following digestion before colorimetric analysis. SRP
extracted from the soil samples was defined as the difference between the SRP concentration of the
filtered river water and the SRP concentration In the sample extract. Final results were
expressed as the mean ug SRP or TSP extracted per gram of the 2 composite soil samples for each
slicken or eroding streambank site.
§iaiMteal£«CY^
standard curves were determined using a series of standard PO4- P solutions. Standards
were made by diluting a 50 ppm stock solution which was made with reagent grade K2HPO4 .
Standard PO4-P solutions 2.5,5.0, 10,25 and 50 ppb were used for standard curves. All
absorbances were measured using a 10 cm light path. A Bausch and Lomb Spectronic 1001
spectrophotometer was zeroed to a reagent blank for all analyses. All standard curves had high
correlation coefficients ( r 2 1 ,986) and small standard errors of the y estimate ( <1 ppb except
the TSP run which had a standard error of y estimate of approximately 2 ppb TSP. Figure 6 shows
a typical standard curve.
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Figure 6 . A typical standard curve with 95% confidence intervals.
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in all standard curve determinations, at least two standards each of 2.5 and 5.0 ppb PO4-P
were analyzed. In addition, an EPA 50 ppb PO4-P quality control (QC) sample was included in
each standard curve as well as a 50 ppb PO4-P standard made from stock solution. In all cases, the
EPA QCsample corresponded closely to the 50 ppb PO4-P stock solution standard ( ±0 to 6 %).
Accuracy, as indicated by %error (bias) for the EPA QCsamples, was calculated as the
((observed value - true value)/true value)* 100. Bias ranged from -4% to zero. Estimates of
precision ( i.e. ± 2 std. errors) for 2.5, 5 and 10 ppb P standard concentrations were ± 6 %, ±
6 % and ± 8 % respectively.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

18

If substantial variation between replicates for a site occurred, the samples were
reanalyzed or reextraoted. In some cases, reanalyzed samples indicated clear analytical error and
in others the variability between replicates was repeated. Reextracted sample results were
included in the mean for a site; outliers determined by reanalysis or reextraction were discarded.
Hence, for some sites, the mean SRP or TSP was based on more than 2 observations.
Slicken samples can be high in arsenic so arsenate interference with the P analysis was a
consideration. In a test for specificic ion interference in the ascorbic acid method by an
independent lab, two slicken sample extracts were spiked with 20 ppb PO4-P ; spike recovery was
100 and 103% respectively, indicating no negative interference. Positive arsenate ion
interference, which may result in an overestimation of SRP/TSP. was assumed negligible. This
assumption was supported by low ( <0.1ug As g-’ ) average water extractable sediment arsenic
concentrations in slickens further upstream from this study area ( CH2M Hill et al 1989). AH
SRP/TSP results were so low that if there were positive arsenate ion interference, P contributed
from these nonpoint sediment sources is even less significant.

Variation In SRP.with Changlnq pH of Extractant
The pH of Clark Fork River water varies from about 7.8 to 8.8 (Table 4 ). To examine
the effects of seasonal variation In the pH of river water on the extractabllity of P from these
sediment samples, an experiment was conducted on these samples using: I ) filtered river water of
pH=7.9; 2) the same filtered river water adjusted to pH=8.8 with dropwise addition of I N NaOH;
and 3) deionized water ( pH=7.8). All soil samples were handled and extracted as described above.

Particle size analvsis/USPA Textural Classes
The particle size distribution below 2mm was determined for some samples. Percent
sand, silt and clay was analyzed for three slicken samples and three eroding streambank samples
using the hydrometer method ( Bouyoucos 1962) on 50 gram air-dried samples. A moisture
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correction was made by adjusting air-dried sample weight by the percent moisture determined for
a corresponding oven-dried sample. U.S. Department of Agriculture textural classes for these
samples were determined using a stantferd soil texture triangle. Textural classes for the
remaining samples were determined by the feel method ( Brad/ 1984). Percent sand, silt and clay
fractions were then Interpolated from the USDA soil texture triangle based on feel method textural
class determinations.

Pcgsanofl of Inorganic CarJjQO/QrttaDlc.fi.gtter Contont
Presence of inorganic carbon was determined for all surface samples (Am. Soc. Agron.
1982). Effervescence following addition of 4 N HCl Indicated the presence of inorganic carbon.
Percent organic matter content was determined for all surface samples by loss on ignition
at 430 *C for 24 hours( Davies 1974). This particular method provided a more accurate estimate
of organic matter content In the presence of Inorganic carbon by eliminating the carbon losses
from carbonate minerals which can occur at higher temperatures.
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Results aDd_D1scusstfln
SRP Extracted from SL and ST Soils
The amounts of SRP extracted from the slicken and streambank sediments were similar
(Table 5). There was considerable variation between sites in the amount of SRP extracted by
filtered river water from both sKliment types. The average amount of SRP extracted from eroding
str^mbank sediments (ST) was slightly higher than the average extracted from slicken sediments
(SL). Ranges of SRP extracted were similar.
These data were not normally distributed. A Mann-Whitney U test (also called a Wilcoxon
two sample test, Sokal and Rohlf 198 0 indicated that the amount of SRP extracted from ST
sediments was not significantly different (p > 0.10) from the SRP levels extracted from SL
sediments.
Table 5. Average SRP extracted from streambank (ST) and slicken (SL) site soils by filtered
river water.

Erod. Streambank Sites

Sample
ST1
ST2
ST3
ST4
ST5
ST6
ST7
ST8
ST9
STIO

Mean
std. error

SRP
Mean pg/g
2

3
0
0
0
0

9
8
8

4

Sample
SLl
5L2
SL3
SL4
SL5
SL6
SL7
SL8

SL9
SL10

3
1 17

Slicken Sites
Surface
SRP
Mean pg/g Sample
10
0
1
0

i
0
0
2
0
2

Subsurface
SRP
Mean pg/g

SLl
SL2
SL3
SL4
SL5
SL6
SL7
SL8
SL9
SL10

1.6
0.97

20
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3
1
2
2
1
0
1
22
0

4.4
2.25
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Several extracts of both ST and SL soils resulted in a net loss (adsorption) of SRP from
the filtered river water; the net difference between SRP concentration in the filtered river water
and SRP in the extract in these cases was negative. Consequently, zero ug SRP g-’ sediment values
represented samples In which SRP was apparently adsorbed by the ST and SL sediments.
Bioavallable P ( i.e. SRP) In all surface samples was between 0 - 1Oug SRP g-i sediment. The
highest value recorded was taken from a slicken soil that had recently been disturbed by %rth
moving equipment.
The amount of extractable SRP In SL sediment samples taken 22cm below the surface
( Table 5) was similar to that of surface samples except for one sample which was around 22ppb.
Average BAP extracted from subsurface samples was higher than the average value for surface
samples, but there was more variation between sites. A Wilcoxon signed-rank test (Sokal and
Rohlf 1981) found no significant difference (p > 0.10) between the amount of BAP extracted from
surface and subsurface samples. This suggests that the water soluble particulate P fraction did
not vary significantly In the 0-22 centimeter vertical profile of these slicken soils. One of the
highest recorded BAP values ( 12 ug SRP g-i ) for subsurface sample extracts corresponded to the
recently disturbed slicken mentioned above; the texture class for this slicken was a silt loam as
opposed to a sandy loam. Silt loams are composed of a higher proportion of finer particles than
sandy loams. The other high value ( 22 ug SRP g-i sediment) may have been explained by cattle
excrement or perhaps by enrichment of the soil P by sewage effluent from the City of Deer Lodge's
sewage lagoon C l mile upstream). These levels were low compared to the reported range for
desorbableP,l0 - 1 0 0 ugP g-i(Froehl1ch 1988),
Slicken soils classified as typic fluvaquents have been described by the Soil Conservation
Service as mixed, frigid and und1fferentiat«l, These typic fluvaquents, which are located in the
primary river terrace, have a flood frequency return period of 5 - 10 years ( Ray 1985).
Slickens, typically denuded of vegetation, had high infiltration capacities due to their coarse, sandy
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iMim texture and large pore structure. Mine waste contaminatMl soils have been found to be low in
essential nutrients, especially N. P and K (Smith and Bradshaw 1970; Schafer 1990).
These data indicate that these ST and SL sediments do not contain large amounts of river
water soluble P. These findings were similar to bioassay estimates of bioavailable particulate P
for streambank soils and fluvially transported sediments in the Flathead River ecosystem which
ranged from 0.9-24.6 ug P g-)sediment (Ellis and Stanford 1988). Furthermore, Ellis and
Stanford ( 1988) reported that these values represented only 2-13% of the total NaOHextractable inorganic P, an estimator of total P, The higher BAP values reported in the Flathead
stud/ were attributed to higher proportions of fine clays (~30S).

By contrast, clays comprised

less than half as much of the eroding streambank and slicken soils in this study.
Some authors have reported that fluvially transported ædiments may act as sinks rather
than sources of BAP (McCallister and Logan 1978; Green, Logan and Smeck 1978). Net adsorption
of river water SRP by many samples in this study indicated that sediments from these ST and SL
soils may act as sinks rather than sources of P in the aerobic environment of fluvially transported
sediments. However. once sediment deposition has occurred and conditions change, they may
release more P. Several authors have reported that particulate P that is unavailable and fixed
under aerobic conditions Is released In anaerobic conditions (Young and DePlnto 1982; Sah,
Mikkelsen and Hafez 1989; Furumal and Ohgaki 1989). The amount of BAP released by these soils
under anaerobic conditions was not investigated here.

Factor^-AftectlttoJAP ExtrwWtUtY
Phosphorous is one of the most studied elements because of its importance to agriculture
and aquatic ecosystems yet the interactions between different P forms and the myriad of factors
that affect them are still not well understood. The phosphate ion is a weakly soluble anion ( Bohn et
al 1985). Monovalent ( H2PO4-), divalent ( HPO4 - 2 ) and trivalent ( P04-3 )phosphate ions are
generally considered to be the bioavailable forms of P (Figure 7). BAP is determined by ionic
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form which is influenced by the pH of the solution In which the ion is found. Phosphorus has many
forms in soils most of which are insoluble and unavailable to biota. Dissolved P can be removed
from soil solution by adsorption ractions with soil particles, by formation of insoluble
precipitates in soil solution and by incorporation into the crystal lattice structure of various
minerals.
Soil sorption kinetics have been described as consisting of two components; a fast, labile
component that reacts in minutes-hours; and a nonlabHe, metastable element, which is not
independent of the first reaction, that reacts over days-months (Krenkel and Novotny 1980; Bohn
et ai 1985; Frœllch 1988). Only the water soluble, labile component was investigated here.
Figure 7. Relationship between solution pH and the relative concentrations of three soluble forms
of phosphate. In the pH range for soils, the H2PO4 ions predominate. Source; Brady 1984.
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The amount of SRP extracted from these sediments was a function of their sorption
properties among other factors. Sorption refers collectively to absorption, desorption and
adsorption processes. Absorption is the incorporation of a liquid or ^

material into a solid

whereas adsorption refers to the concentration of a liquid or gas material on the surface of a solid
( Larsen 1967). Desorption is the opposite of adsorption. The adsorption and desorption of PO4-P
and the various factors affecting these processes determine the amount of SRP that can be extracted
by the filtered river water from the sediments examined here. Some of the physical and chemical
factors that Influence sorption processes In soils are pH, particle size and surface area, redox
potential, cation exchange capacity, organic matter content, exchangeable and soluble aluminum
(Al), iron (Fe), manganese (Mn) and calcium (Ca). These and other physicochemical factors
affect soil sorption of P.
Soil sample pH, particle size composition, organic matter content and the inorganic carbon
tests provide information on the probable P forms and potential mechanisms controlling P
sorption (Tables 6 & 7). ST soils are slightly alkaline, rather dark colored, silt loam-sandy
loams containing some carbonaceous minerals, probably CaCOg, and little clay (~ 12 ^).
By contrast, slicken soils were characterized as acidic (soil pH determined in the field
using color indicator), lighter colored, sandy loams also containing little clay ( 10%). Average
organic matter content for both soils was similar ( 5,4 and 6 .6 %for SL and ST samples
respectively). Both ST and SL samples were composed predominantly of silts and sands.
Silt and sand particles, which characterize the sandy loam textural classes ( Table 7),
often are predominantly quartz ( SiO]). a mineral which is relatively inactive chemically and
resistant to weathering ( Brady 1984). Furthermore, silt and sand size fractions often are
characterized by variable quantities of other primary minerals such as feldspars
(aluminosilicates), micas (FeandAl silicates), gibbsite (hydrous Al oxide), hematite andgeotite
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Table 6 . Average (n=10) organic matter content, results of inorganic carbon test and some
descriptive characteristics of slicken (SL) and eroding streambank (ST) soil samples.

SilS
SLl
SL2
SL3
SL4
SL5
SL6
SL7
SLÔ
SL9

5LI0
Mean=
STl
ST2
ST3
ST4
ST5
ST6
ST7
ST8
ST9
STIO
Mean=

m

Fffervs.

Im.Bxn.

Pyrite

Çplor

little
none
none
none
none
none
none
none
none
none

Y
N
N
N
N
N
N
N
N
N

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

gr-brn
gr-brn
It. brn
brown
brown
dk. brn
brown
brown
dk. brn
dk. brn

strong
strong
mod
V. strong
V. strong
V. little
V. little
strong
V. little
V. little

Y
Y
Y
Y
Y
Y
N
Y
Y
Y

N
N
N
N
N
N
N
N
N
N

brown
dk. grey
brown
dk. grey
dk. grey
brown
gr-brn
dk. grey
It. brown
brown

5.5
5
4
6.5
7
4,5
5
6.5
5
&
5.4
6

7
6.5
6

6.5
6

7.5
8

7
&

V.

6.6

CODES;
Effervs - effervescence upon addition of 4 N HCl indicates presence of inorganic carbon;
Im. Rxn. - reacted to dropwise addition of HCl immediately. yes or no;
Pyrite - presence or absence of pyrite indicated by visible flakes of pyrite;
Soil Color - when wet.
( hydrous Fe oxides). As aforementioned, these Fe and Al oxide minerals can be important In P
sorption. In addition to the fine sandy loom texture class, eroding streambank and mine waste soils
were repreænted by loam and silt loam textural classes which are composed of greater
proportions of silt and clay particles than are sandy loams.
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Table 7a. Particle size compositionCdetermined by hydrometer method), soil pH and USDA
textural classes for some eroding streambank ( ST)and slicken ( SL) samples.

6.5

% Sand
(50um2mm)
50
37
51

%Silt
(2-50um)
42
47
36

Mean
SE

8
0.5

46
4.5

42
3.2

SL 1
5L6
SL 10

4-4.5
4-4.5
4-4.5

32
61
63

51
33

29

6
8

Mean SL
SE

4-4.5
0

52
8.5

38
5.6

10
2.9

Samole
ST 2
ST 5
ST 10

Soil oH
8
8

% Clay
(<2um)

12

USDA
Textural Class
loam-sandy loam
loam
loam-sandy loam

12

loam-sandy loam

8

17

2.6
16

loam-silt loam
sandy loam
sandy loam
sandy loam

Table 7b. Textural classes (determined by feel method) for all ST and SL sites.

ST 1
ST 2
ST 3
ST 4
ST 5
ST 6
ST 7
ST 8
ST 9
ST 10

sandy loam
silt loam
sandy loam
loam
sandy loam
sandy loam
loam-si It loam
sandy loam
loam-silt loam
sandy loam

SL 1
SL2
SL3
SL4
SL5
5L6
SL7
SL8
SL9
SL10

silt loam
fine sandy loam
fine sandy loam
fine sandy loam
fine sandy loam
fine sandy loam
fine sandy loam
very fine sandy loam
fine sandy loam
fine sandy loam

Particle size, as textural class, explained between 32 and 44% of the variation in the
amount of SRP P extracted from these soils, 32% when all textural classes were included in the
regression and 44% when including only those samples whose textural class was determined by
the hydrometer method (Figure S). Textural classes composed predominantly of coarser size
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Figure 8. Relationship between particle size and the amount of SRP extracted per gram of suspended
sediment. Textural class: 1- loam to silt loam; 1.5 - loam; 2 - loam to sandy loam; 3 - very fine sandy
loam; 3 5 - fine sandy loam. 1 - corresponds to the finest and 3 5 - (sandy loam) the coarsest.
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fractions (e.g. fine santV loam) released less BAP than those classes composed of finer materials
( e.g. loams and silt loams). Over the range of textures found here, texture class did not explain
much of the variation In SRP extracted. Other factors such as mineralogy, soil and filte r water
chemical composition were probably more Important In controlling the amount of BAP released.
The predominant P forms in alkaline soils are the Calcium (Ca) phosphates. Calcite
(CaCOs) content often Is the primary factor controlling phosphate solubility in alkaline soils
(Syers et al 1973; Lopez-Hernandez and Burnham 1979; B rad/1984). The monovalentphosphate anion (HPO4-2) is the major, bioavailable, inor^nic form in slightly alkaline soils
(Figure 7). Its availability depends mainly on the solubility of the Ca compounds In which it is
found. Calcium content probably is one of the factors controlling BAP extractabllity in ST soils.
Some of the Ca phosphates and apatite minerals that probably occur in ST sediments and their
relative solubilities are presented in Table 8 .
Table 8 . Inorganic calcium compounds of phosphorus often found in soils. Listed in order of
increasing solubility. Source-. Brady 1984.

Comoound
Fluor apatite
Carbonate apatite
Hydroxy apatite
Oxy apatite
Tricalcium phosphate
Octacalcium phosphate
Dicalcium phosphate
Monocalcium phosphate

E drm ljs
3Ca3(P04)2 C@F
3 Ca3(P04)2-CaC03
3 Ca3(P04)2' Ca(0H)2
3 Ca3(P04)2*Ca0
Ca3( PÛ4)2
CaaH2(P04)6-5H20
CaHP04 2 H2O
Ca( H2P04)2
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Organic forms of P ( I.e. phytins, phospholipids and nucleic acids) occur in both ST and SL
soils (CM ~6 %) but these are insoluble and only become available through rate depenctent
mineralization processes ( Brady 1984). In addition, the organic P fraction is a relatively small
proportion of the TP in soils. Consequently, organic forms are not expected to contribute
significantly to the BAP fraction extracted in this study. Perhaps more important is the role of
organic matter in fixing metals thereby reducing the role of metals in phosphate fixation. The
combined concentration of free metals in these soils and the filtered river water, however, is
assumed not to be significantly reduced by chelation, Hence, free metals, particularly Al, Fe and
Mn remain that can retain P in insoluble forms.
Clay minerals coated with Al, Fe and Manganese (Mn) oxides adsorb phosphate anions on
their surfaces. But these probably are of limited importance in ST and SL sediments given the
small proportion of clays ( 10 - 12 %).
Extracts of fluvially deposited mine wastes exhibited relatively low ( 0-22ug SRP g-i )
BAP levels. These predominantly coarse textured, acidic soils probably precipitated P as hydroxy
phosphates and adsorbed P on surfaces of Al and Fe oxides. Acidic conditions In the slickens were
produced by the oxidation of sulfide minerals (CH2M Hill et al 1989). Many investigators have
shown that exchangeable Al and Fe can fix considerable amounts of P as hydroxy phosphates
(Hemwall 1957; Ballard and Fiskell 1974; Barber 1984; Brady 1984; ), Hydroxy phosphates
are quite stable in acidic environments.
Although there were no analyses for metals in this study, CH2M Hill et al ( 1989)
reported high concentrations of soluble Al and Fe in slickens just upstream of those studied here.
Both groups of slickens exhibited very similar particle size composition, pH. and organic matter
content ( Table 9). Note that weak acid ( HCI/NH4F) extractable P was similar to the BAP
measured in this study. However, weak acid extractable P was only a fraction of the TP in these
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acidic slicken soi is, which indicates that most mine waste soil P is not labile but is strongly
retained or fixed in the soil.

Table 9. Some physical and chemical data for slickens upstream of those in this study. Source:
CH2MHill6ta1,1989.

Grd Mean
Min
Max
SE
n=23

pH

ZSand*

Z S ilt

2C1ay

%0M

BAP+

TP

4
2.5
6.3
0.16

65
29
90
4

24

11

2.7

6
68

3
30

<1
6.2

277
140
480

3

2

0.35

23
3
60
4

22

* - percentages based on <2 mm size fraction.
+ - BAP (HCI/NH4F extract) and TP are in ug/g.

Under the acidic conditions in these SL soils, the bioavailable inorganic forms of P are
H2PO4- and HPO4-2 ions. However, according to Brady ( 1984), most acidic soils have
considerably more free Al and Fe ions in solution than phosphate ions and the following reaction
tends to proceed to the right;
AI+3 + H2P04-(soluble) + 2 H2O

2H+ + Al( OH)2H2P04{ insoluble)

Although the pH of suspended slicken sediments being extracted would have approached the
pH of the filtered river water (pH=8.2) during the extraction, phosphate probably remained
fixed by hydrous oxides of Al and Fe ( figure 9). This would explain why little of the total P in
these slicken soils was extracted under the conditions in this experiment.

Effects of .Par.UcIfl Size on Extractahig P
To determine if smaller particle size fractions released more SRP per gram of sediment
than did the <2mm size fraction, a <500um size fraction was extracted in addition to the <2mm
size fraction for some samples. BAP extracted from these two size fractions was not significantly
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different ( p > 0.10). The coarser 500um-2mm particle size fraction ( sand), composed only
about 25% of these samples by volume and appeared not to contribute significantly to the amount
of SRP extracted from these soil types. By contrast, the finer, <500um size fraction, which
represented approximately 75% of the total sample volume, appeared to contribute most or all of
the SRP extracted from these sediments.
Because both <2mm and <500um particle size extracts consistently contained little water
extractable SRP, and all particles <2mm remain suspended at water velocities in the Clark Fork
( HJulmstrom curve relationship), the <2mm size fraction was routinely used for all extractions
in this stud/. Particle fractionatiwi of suspended sediments in the Clark Fork was not the
objective of this study. Future studies on suspended sediment fractionation may be of interest as
an average of 64% of the total volume of suspended sediment at Deer Lodge Is composed of size
fractions <62um ( Lambing 1989). These fine sediment particles, especially clays, are the
probable sources of river water extractable sediment P.
FIgure 9. Inorganic fixation of added phosphates at various soil pH values. Average conditions are
postulated, and it is not to be inferred that any particular soil would have exactly this
distribution. The actual proportion remaining in an available form w ill depend upon contact with
the soil, time for reaction, and other factors. Source: Brady 1984.
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Smaller particles, especially clays, have more surfece area and available
exchange/adsorption sites than coarser particles (Ballardand Fiskell 1974; Barber 1984).
Clays (<2um) often are cited as having high P adsorption capacities. This is attributed to the large
surface areas of clay minerals. Some authors have reported that clay content is positively
correlated to adsorption capacity and equilibrium dissolved phosphorous concentrations in
extracts (Loganathan, isirimah and Nwachuku 1983; Froehlich 1988); others have suggested that
this relationship is an indirect association and that Al and Fe oxide coatings on clay particle
surfaces are more responsible for P adsorption ( Hemwall 1957; McCallister and Logan 1978;
Froehlich 1988).
Finer particles were suspected of contributing the most BAP as estimated by algal
bioassays of fluvial sediments in the Flathead Basin ( Ellis and Stanford 1988). Their results
indicated that samples composed of coarser particles had lower amounts of BAP. The soil that
exhibited the highest amount of BAP ( 24.6ug P g-i ) contained the greatest percentage of fine clays
(30% ). In the current study, particles <500um, which includes the silts, clays and fine sands,
probably are esponsible for most of the BAP adsorption and desorption observed in this study.

Effect of TSS Concentration on the Extractable BAP
Over the range of sediment concentrations tested here, variation in the concentration of
suspended sediment extracted had little effect on the amount of extractable SRP per gram of
sediment (Table 10). Suspended sediment concentration explained only 19% of the variation in
extractable SRP from an eroding streambank soil. There was an even smaller correlation for the
slicken soil tested. The BAP fraction per gram of sediment extracted from these two soil types
appeared to be independent of the suspended sediment concentrations tested here
(50-5000 mg H ).
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Table 10. Effects of changing total suspended sediment concentration [TSS] on the amount of SRP
extracted by filtered river water per gram of sediment for an eroding streambank ( ST) and a
slicken (SL) site (n=2).

Sompla
ST 8
ST 8
ST 8
ST 8

uqJ§5_1-'
5000
500
100
50

SL8
SL8
SL8
SL8

5000
500
too
50

ug SRP
Rangs
6 -8
8-10
0 -9
0
0
0 -3
0
0

Effects of Chanoino the oH of the Extractant on BAP
Annual variation in the pH of the water in the Upper Clark Fork ( 7.8-8.8 ) was simulated
by adjusting the pH of the filtered river water used to extract P from the soil samples. Varying
the pH of the filtered river water from 7.8 to 8.8 had no significant effect on the amount of BAP
released from the two soils examined. Deionized water extracted slightly more BAP from the
sediment samples examined than did the slightly alkaline river water(Table 11 ).

Total Soluble Phosphorous Extractions
Because total soluble phosphorous (TSP) was found to be more highly correlated to BAP
than was SRP in eutrophic waters (Bradford and Peters 1987), it was desirable to examine the
relationship between TSP and SRP. Several ST and SL soil extracts were analyzed for TSP in
addition to SRP.
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Table 11, Effects of changing pH of filtered river water on the average ( n=2) amount of SRP
extracted per gram of eroding streambank (ST) and slicken (SL) sediment. SL 8 AD=subsurface;
EC (SL 8 )=surface sample from a drainage channel in SL 8 ; ambient (AMB) pH=7.9 ; adjusted
(ADJ) pH=8 .8 ; deionized water (DEIO) pH=7.8.

ug SRP extracted / g. sediment

SL8 AD
EC (SL 8 )
5L8
ST 5

Ambiant pH

Adjusted pH

“ 2 to -1

0

-3 to -2
-3
-4toO

-1 toO
0
1

Deionized Wtr
"
-----------

Oto 1
3 to 8

A Wilcoxon signed-rank nonparametrlc analysis of these data indicated no significant
difference between the two P fractions ( p > 0.10). Although the average TSP extracted was
slightly greater than the corresponding SRP extracted for those ST and SL soils analyzed, the
variation about the mean for the TSP extracts was almost twice that of the SRP extracts. Both P
fractions exhibited similar ranges.
These results suggest that for soils low in organic matter the water soluble TSP fraction is
similar to the SRP fraction. This is expected considering the nature of the two P fractions. Total
soluble P includes all the SRP plus any dissolved organic P that is converted to ortho-phosphate
during the persulfate digestion step of the TSP procedure. The TSP in a water extract is expected
to be similar to the SRP fraction when there is little organic matter in the soils being extracted.
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Relative Contribution of Suspended SedtmentsJo rialnstgin Clark Park River 3RP
The concentration of suspended sediments used In the extractions for this study ( 500 mg
TSS 1-1 ) approaches the upper lim it of sediment (near 1000 mg TSS l-i ) carried by spring high
flows in the Upper Clark Fork. The annual mean suspended sediment concentration in the Upper
Clark Fork at Deer Lodge for the period from March 1985 to September 1988 was 29 mg TSS l-i ;
TSS monthly means ranged from 11 mg TSS l-i In July to 74 mg TSS l-i In February ( Lambing
1989). This period of record Included relatively low to average flow years.
Mean soluble reactive P extracted per gram of sediment In this study ranged from 2-4 pg
SRP g-i for the different sediment sources. The amount of SRP contributed to the Upper Clark
Fork by suspended sediments from eroding streambanks and slickens can be estimated by
multiplying TSS by this relationship. This level of SRP can then be compared to the measured
concentration In the river. The relative contribution of these nonpoint sources of P can be
expressed as a percent of the total SRP concentration. For example, 29 mg TSS 1-) ( the annual
mean TSS mentioned above) multiplied by 2-4 pg SRP g-i equals 0.06-0.12 pg SRP l- \
Assuming that 100% of the total suspended sediment Is composed of sediments similar to those
extracted In this study, the corresponding SRP from such nonpoint sources represented <1%of the
annual mean SRP (19 pg SRP l-< ) In the Upper Clark Fork at Deer Lodge (Table 12). Higher TSS
concentrations also contributed an Insignificant portion of the total SRP because the higher TSS
œncentratlons are diluted by higher flows. These data Indicate that an insignificant fraction
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Table 12. Some average water quality charæteristics of the Clark Fork River at Deer Lodge. Mean
SRP (ug 1-1 ) and pH were calculated from bimonthly measurements for fiscal years 1985-'89
(DHES-WQB). Alkalinity and hardness (as mgCaCOs 1-0 mean values were also computed from
bimonthly measurements but for fiscal years 1988-'89. TSS ( mg 1-i ) values were U5GS
summary statistics ( Mar '85-Sep ' 8 8 ).

8.1

5RP
19

Estimated
SRP
0.4

7.75

1

0.01

8.8
8.1

82

5.6
0.08

QÜ
Annual Mean
Min.
Max.
Median

12

155
97
3
1,390
21

Hardness
265
171
325
267

of the total SRP in the Upper Clark Fork can be explained by SRP contributions from suspended
sediments from eroding streambanks and slickens. The Clark Fork could receive more SRP in
runoff from the surfaces of slickens and eroding streambanks during snowmelt or precipitation
events. Quantifying this contribution would require quantifying the volume and measuring SRP in
the surface runoff from these surfaces.
In contrast to these insignificant nonpoint sources of SRP, MDHES-WQB ( Ingman and Kerr

1989), the mean SRP concentrations (July-December 1988) in sewage effluent from the Warm
Springs sewage lagoon, Galen wastewater treatment plant and Deer Lodge sewage lagoons were 153.

3073 and 2058 ugSRP l- i. MDHES-WQB reported mean conœntrations of 6 ug SRP l-i upstream
and 45 ugSRP l-i approximately 9 river miles downstream of the Deer Lodge sewage lagoon
discharge. Furthermore, studies have reported that from 6 1-85% of the total P in sewage
effluent Is bioavailable (Vollenweinder 1968 . Young and DePinto 1982; Cerquone 1988). Large
increases in mainstem river SRP load cannot be explained by estimated contributions from
nonpoint sediment P sources ( e.g. eroding streambanks and slickens) examined here (Figure 10).
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Figure 10, Average 1988 ( Source; Ingman & Kerr 1989) mainstem SRP concentrations above
and below the Deer Lodge Sewage Lagoons and the estimated SRP contribution from eroding
streambank and mine waste sediments.

100

(townstream
10

upstream

B.
s

s

estimated suspenited
sediment contribution

,01

,001
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Month

Tributary, groundwater and other nonpoint source SRP contributions below the Deer Lodge sewage
lagoons remain to be quantified, but the probability that any of these sources of SRP explain
Increases in mainstem SRP concentrations of this magnitude are not likely. By contrast. SRP
loading contributed from Deer Lodge sewage effluent can explain all of the Increase in SRP in the
river between Deer Lodge and the Little Blackfoot Rlver( Table 13),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

38

Table 13. Average (July 1988-Junel 989) SRP and TP loads in the mainstem of the Clark Fork
River above and below the Deer Lodge ( DL) Sewage Lagoons, and the average dally load contributed
by the DL Sewage Lagoons. Source: Ingman personal communication 1990.

Location

SEPJjadJmi '*

TP Lomi kod -i

Above DL Sewage Lagoons
Mean DL Sewage Effluent Load
Below DL Sewage Lagoons

3.0
9.85
10.7

27.0
12.7
39.0

Conclusions
The SRP contributed to the mainstem of the Upper Clark Fork River by suspended
sediments eroded from fluvially cteposlted mine wastes and eroding streambanks Is a very small
fraction of the total soluble reactive P concentration. Little of the total P in eroding str%mbanks
and fluvially deposited mine waste sediments is released in the river’s slightly alkaline, aerobic
waters during fluvial transport. Dissolved P in surface runoff or groundwater recharge from
these nonpoint sources may contribute significant SRP to the river ; assessing SRP contributions
via these pathways was beyond the scope of this study. Point sources of P, especially sewage
effluent, probably are responsible for most of the total SRP load in the river. However, other
point and nonpoint sources and their relative contributions to the total SRP load in the Clark Fork
need to be quantified.
To Improve the aesthetic, recreational and biotic resources of the Upper Clark Fork by
reducing and/or eliminating nuisance algal growths, it is clear that: 1) the sources of
bioavailable nitrogen and bioavailable phosphorus ( BAN and BAP)must be determined; 2) loads
from each point and nonpoint source of these nutrients in this basin need to be quantified; 3) a
nutrient source quantification priority (descending order) scheme for the following potential
nonpoint P sources is recommended based on land use in the Upper Clark Fork Basin and the
results of this study; agriculture, silviculture, hydromodification and mineral resource
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extraction; 4) once the various components of the nutrient budget are known definitively, more
effective control strategies can be developed and implemented to reduce the major sources of BAN
and BAP; 5) critical levels of BAN and BAP responsible for nuisance algal growths need to be
refined.
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SL 1
ST 2
Puaphouse

V ild life Ponds

Legal Location
Sr I -T5N, m . SE 1/ 4 of
SE V 4 Section 7.
ST 2 -T5N. R9W, NV I / 4 of
SE 1/ 4 Section 8 .
SL I -T5N. R9V. NV I / 4 of
SV 1/ 4 Section 8 .

Access

Dimensions
31 LX

1.1

H

20 LX 1.25 H
69 LX 23.7 V X . 5 H

Hwy 90 to Warm Springs then
proceed south toOldRR Grade
east of PerKins Ln Brioge. Al I
si te s are accessib le by canoe
or the O'ldi® Grace.
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Bermecl Silcxens

Perkins Lane

Lecal Location
SL 2 -T5N.
SEV4
SL 3 - T5N.
'NW 1/4
ÎT 3 -T5N.
SE 1/4

R9W, NW 1 / 4 of
Section 6 .
R9V, SW I / 4 of
Section 5.
R9W, SE I / 4 of
Section 6 .

Dimensions
14.7 V X 54.7 LX .£
90 W X 130 LX 1.3
43.85 LX 1.05 H

Access
Take Huy 90 to Warm Springs
then proceed north to Perkins
Lane Bridge. A11 si te s are
accessible by canoe or by the
ole ra ilro a d grade.
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Legal Location

Dimensions

Access

SL 4 - TEN, R9W, NE I/ 4
of NW 1 / 4 Section 32.

82 LX 21 V X .7H

Hwy 90 te Gai en. Go east
under i n te r s ta te to Galen
Bridge. SL 4 is the 1st slicscen
upstream fre e the bridge,
*■1 / 3 m ile.
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Leoal Location

Dimensions

Access

Sr 4 -'T5N, m , SV 1 / 4 of
NV 1/ 4 Section 5.

47 LX 1.3 H

Kvy 9C to Vara Springs then
south to Perkins In Br. S ite is
*■1/ 2 mile north past SL 3 on
the Old RR Grade. S ite i s a l s o
a ccessib le by canoe.
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Old Bridge

SL 5
•5T6

,W

Leoai locations

Dlnensions

Access

SL 5 -T 6 N , R9V, SW I / 4
of NE 1/ 4 Section 4.
ST 6 - T 6N, R9V, SV I / 4
of NE 1/ 4 Section 4.

52 LX 33.6 V X . 5 a

Hwy 90 to Sager Lane. S ite s
are " I / 2 si le south
(upstream: of the Sager Ln
Bridge. Walk inaiong the
River.

56.4 LX 35 V X 1.3 E
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Legal Location
ST 5 - T6N, R9V. SW 1/
of HE 1 / 4 Section 2C.

4

Dimensions

Access

M.2 LX 1. 1 R

Hwy 90 to Racetrack. Ta<e
overpass over in te rsta te a n d
proceed to Racetrack Bridge.
ST 5 i s ' ^ 3 mile upstream
from the bridge, east bank.
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Timber Mill

/

Old Bridge Abutments

Lecal locations

Dimensions

SL 6 -T7N,
Si i / 4
of SV 1/ 4 Section 9.

56.4 LX 35 V X 1.3 fi

Access
Hwy 90 to Deer ^ooge.
Proceed south through town
“ V 2 m ile, past the
Terri to ria lP riso n
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Legal locations
SL 7 -T9N,
of KE 1/ 4
SL 8 - T8N,
of NE 1/ 4
ST 7 - T8N.
of NV 1 / 4

R9W, N'E I/ 4
Section 32.
R9W. NE I/ 4
Section 32.
R9V. SW 1/ 4
Section 33.

Diversions

45.7 L X l O V X . S c
50 LX 9 V X .5H
(e stiv a te d )
53.7 LX

1.1

H

Hwy 90 to Deer «.cage.
Proceea to Grant Kohrs
N a tio n a lR is to ric S ite . A d i r t
road through the ranch leads to
the River. A!! si te s are
accessiole by foot or canoe
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Legal locations

Ciaensior.s

JT 8 - T 8N, R9V, SE I / 4
of N£ 1/ 4 Section 32.

81.5 LX 1.0 H

Hwy 90 to Deer Lodge, .ake
frontage road north to the
Rock Greek C attieC o. Bridge
Walk or f i o a t ' l / 2 niile
downstream to si te ( on east
Dank).
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0

Legal locations
SL 9 - T9N, R9V, SV 1 / 4
of SE i / 4 Section 16.

Disensions
240 LX SOW X i
(estim ated)

Access
Take frontage road north from
Deer Lodge (DL) to the Rock
Cr. C attle Co. Bridge. Take the
CldRR Grade s o u th '2 m iles.
Site i s ‘ l / 5 mile upstream
from RR tr e s s le o v e r the
River on the west Dank.
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Leoal locations

dimensions

Access

ST 9 - T9N. m , Si 1/ 4
of SE 1/ 4 Section 33.

96 LX 3.1 H

Frontage road north from DL to
the T rip le J Ranch (adjacent to
C'N eillC r.5. Ask permission of
owners to pass.
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ST 10

of S£ 1/

4

Section 30

Bvy 90 e a s t , pu i 1ever on
shoulder ju s t past m ile post
176. Hop the fence. S ite is
" .I mile downstream of RR
tr e s s i e s over the R iver.
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Leaal location

Dimensions

Access

SL 10 - T8N. m , SW I / 4
of SE 1/ 4 Section 16.

50 LX 10 V X 1.1 H
(estim ated)

Hwy 90 e a s t, puilover j u s t
past the bridge over the L i t t l e
Slackfoot i?. Hop the fence.
S ite is a pen insula between the
confluence of the Clark fork
and L ittle B la c k fo c t.
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